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Introduction. In modern production, when performing finish- 
ing operations, centrifugal rotary processing in the medium of 
abrasive plays an important role. High productivity, low costs 
and extensive technological capabilities are the main ad- 
vantages of these cleaning and finishing operations. This paper 
considers the process of abrasive particle — workpiece surface 
interaction within the framework of the static contact problem 
of the elasticity theory. Thus, plastic deformation in the con- 
tact area comes into account. 

Materials and Methods. The abrasive particle (corundum) is 
simulated with a linearly elastic body, whose Young's modu- 
lus is significantly larger than that of the work material. The 
process material (steel) is simulated with an elastoplastic bi- 
linear body using the von Mises yield criterion. 

Research Results. Finite element modeling of the structures 
under consideration was performed in the ANSYS CAE pack- 
age. The process of abrasive particle — workpiece surface in- 
teraction was simulated; its stress-strain state was analyzed. 
The results of numerical experiments are presented. They have 
determined how equivalent plastic strains are distributed at 
depths of the cone penetration of 0.01 mm and 0.05 mm. The 
data obtained, as well as the areas of plastic strain values of 
more than 1%, are visualized in the ANSYS CAE package. 
Discussion and Conclusions. It is established that the equiva- 
lent plastic deformation is proportional to the depth of penetra- 
tion (DP). It reaches a minimum value of 0.158 at DP = 0.01 
mm, and a maximum of 0.825 at DP = 0.05 mm. The depend- 
ences of the plastic region sizes on DP are determined for 
cases when the plastic deformation exceeds 1%. At the maxi- 
mum penetration (0.05 mm), the deformation radius is | mm, 
and the depth is 0.8 mm. 


On the basis of the data obtained as a result of the conducted 
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Beedenue. B CcOBpeMeHHOM TIpOn3BOJCTBe Mp BbIMOJIHeHHU 
(HHUIIHBIX Olepallui BaxkKHY!IO pOlIb UrpaeT WeHTPOOexKHO- 
poTaltuoHHad OOpadoTkKa B cpeyle aOpa3uBa. OCHOBHBIe lpe- 
UMYIINeCTBa STOO MeTOa OTICIOUHO-3a4HCTHOUM OOpadoTKU: 
BbICOKad TPOW3BOUTeIBHOCTb, HW3Kai CeOeCTOHMMOCTb HU 
IWMpokHe TeXHOJIOrMYecKHe BO3MO2%XKHOCTH. B aHHOM UCcIe- 
OBaHHH paccMaTpuBaeTCA TIpolecc B3anMOeHCTBUA adpa- 
3MBHOM YaCTHIIbI C MOBeEPXHOCTbIO JeTasIM B paMKax CTaTH4e- 
CKOM KOHTAaKTHOUM 3aa4uu Teopun yupyrocTH. IIpu stom y4n- 
TbIBACTCA MWIacTHYecKad JemopMalluA B OOACTH KOHTAKTA. 
Mamepuazoi u memoovi. AOpa3vBHas YacTulla (KOpyH) Mo- 
WewMpyetTca JMHeEMHO yIpyruM TeJIOM, MOZYyib FOura koTOpo- 
TO 3Ha4HTeJIbHO OolbIIe, EM Y OOpadaTHIBAaeMOro MaTepnalia. 
OOpaOaTEIBaeMbIN MaTepHasl (CTaib) MOJelMpyeTca yipyro 
TIlacCTH4YeCKMM OVJIMHEMHBIM TeJIOM C IIPHMeHeHHeM KpuTepHnA 
mlactHunHoctTu Museca. 

Pe3yibmamol ucciedoeanua. BpimiosIHeHO KOHC4HOSJICMECHT- 
HOe MOJIeJIMpOBaHHe paccMaTPpHBaeMBIX KOHCTPyKIMM B CAE- 
tlakete ANSYS. CmojyenmuposaH tporlecc B3aMMOeHCTBHA 
a0pa3MBHOH YacTHI[bI M MOBEPXHOCTH JeTasu, WpoanarHu3upo- 
BaHO ee Halips»KeHHO-edopMupoBaHHoe coctosHne. IIper- 
CTABJICHbI Pe3yJIbTaTbI UMNCICHHBIX IKCIICPHMECHTOB, KOTOPBIe 
MO3BOJIMIM YCTaHOBNTh, Kak paciipejeIAIOTCA IKBUBAJICHTHBbIC 
nglacTuyeckuve JIedopMalluu Ip riryOwHax BHeApeHuA KOHYyca 
0,01 mm u 0,05 um. IlomyaeHHble JaHHble, a TakxKe OOaCTU 
3HaveHui MWiacTHyeckou AZedopmarlun Ooee 1 % Bu3yau3u- 
popansl B CAEF-nakete ANSYS. 

O@cyacdenue u 3akiio4veHud. YCTAHOBJICHO, UTO IKBUBAJICHT- 


Had lWlacTuueckad JedopMalluaA MponmopimMoHalbHa riryOuHe 
BHegzpenua (IB). Ona focTuraeT MHHMMAasIbHOTO 3Ha4deHHs 
0,158 nmpw ITB=0,01 mM, MakcumanbHoro 0,825 — npu 
I'B = 0,05 mm. OnpeyeseHbI 3ABHCHMOCTH pa3MepoB OOsIacTu 
lilactuyeckon Zedopmauuu oT IB aa ciry4aes, Kora mia- 
cTHyeckasd JemdopMauna mpeBpiiiaer 1 %. IIpu MakcuMasIbHOM 
BHezpeHuu (0,05 Mm) paguyc Zedopmattuu coctaBiaeT | MM, 
riyOuHa — 0,8 MM. Ha ocHOBe Ja@HHbIX, MOJIYYCHHBIX B pe- 
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research, the parameters of the technological process (rota- llapaMeTpbl TeXHOJOrMyecKOrO Mpollecca (CKOpOcTb Bpallle- 
tional speed, size of the abrasive surface, mass of abrasive HHA, pa3Mep adpa3HBHOM MOBepXHOCTH, Macca aOpa3HBHbIXx 
particles) that affect the workpiece — abrasive particle interac- YacTHIl), KOTOPble BIIMAIOT Ha B3aMMOJeHCTBHE MexKy WeTa- 
tion can be selected. A judicious choice of these parameters Wb}O HW aOpa3MBHOH YacTHe. PallMoHabHbI BEIOOp sTUX 
will increase the processing efficiency. TapaMeTPOB MO3BOJINT MOBBICHTb IPeCKTUBHOCTh OOpaooTKH. 
Keywords: centrifugal rotary processing, abrasive treatment, Ku104ueBbie CJIOBa: ICHTPOOeKHO-poTalMOHHOH OOpadoTKH, 
contact problem, plasticity, finite element method. aOpa3HBHad OOpadoTKa, KOHTaKTHad 3ajlada, TJlacCTH4HOCTS, 


MCTOJ, KOHCUHBIX SJICMCHTOB. 
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Introduction. In modern production, when performing finishing operations, an important role is played by 
centrifugal rotary processing (CRP) in an abrasive medium. The primary advantages of this method of finishing — 
clearing operation are high productivity, low cost and wide technological capabilities. This study discusses the process 
of interaction of an abrasive particle and a workpiece surface in the framework of the static problem of the elasticity 
theory. In this case, plastic deformation in the contact area is taken into account. An abrasive grain element in the form 
of a truncated cone (more precisely: a circle of a minor diameter of this cone) interacts with the workpiece surface. In 
this case, friction and plastic deformation of this surface should be considered. Kinematic or force boundary conditions 
are applied to a larger diameter circle. In case of kinematic conditions, normal and tangential displacements of the circle 
and its rotation are specified. In case of force conditions, force and torque are set. The stress fields and equivalent plas- 
tic deformations near the contact area are investigated. 

Modeling the geometry of an abrasive particle of a centrifugal rotary processing. The summary of the 
CRP method is that the abrasive particles 3 and the workpiece 4 (Fig. 1 [1]) are loaded into the working chamber and 
rotated about the vertical axis so that the entire mass of the load becomes a torus [2, 3] in which particles move along 
spiral paths. 
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Fig. 1. Centrifugal rotary processing in abrasive medium: 
1 is fixed cylindrical ring; 2 is rotor; 3 is abrasive grain; 4 1s workpieces 


The toroidal helical flow is ensured through the design of the machine working chamber consisting of a fixed 
cylindrical ring 1 and a rotating bottom (rotor) 2 adjacent to it, having a common plate shape. Workpieces 4 are loaded 
into the working chamber in bulk together with abrasive particles 3. To reduce wear, the inner surfaces of the bottom 
and the fixed part of the working chamber are coated with a wear-resistant material. Rubber or polyurethane coatings 
are most commonly used. 

The scheme for constructing an indenter (in the form of a truncated cone) penetration model suggests a spheri- 
cal shape of an abrasive granule with a set of truncated cones [3]. An approximate idea of the geometry of a spherical 
abrasive particle is shown in Fig. 2 [4]. 
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Fig. 2. Geometry of a spherical abrasive granule: 
1 is approximate to actual one; 2 is simulated one 


According to the model, the abrasive grain has a shape of a truncated cone. This model considers the always 
occurring blunting of abrasive grains. Fig. 3 presents a diagram of interaction of the abrasive particles and workpieces 


[5]. 





Fig 3. Scheme of conical indenter penetration 


In the force acting on the indenter, normal and tangent components are distinguished [2]. According to the 
work of A. N. Beskopylny [5], a normal component of the cutting force is: 





2Qah"E , h* < he. 
Z 
P= ; 
(" 4) oatsat 
c 
X 1-—2/x * * * 
where C=(1-8 Jere(y) +2), re =a(1-8 Jetg(y); 8" is the relative height of influx; E” is the re- 


duced modulus of elasticity; 4” is the depth of grain indentation; y = 5 hr is the plasticity parameter. 


Mathematical model. Optimization of the abrasion process requires the development of improved models of 
frictional interaction between abrasive particles and the surface of a metal component. In this model, it 1s required to 
require heating and surface wear due to the impact and sliding of an abrasive particle. 

Under the abrasive processing, contact interaction occurs, which leads to wear and heating of the workpiece 
surface. The basic data on the processes of friction and wear are shown in [6]. Processing in a rotation chamber is de- 
scribed by M.A. Tamarkin and his disciples [1—5]. The features of this process are discussed in [7-9]. 


In the presented paper, the contact interaction of an abrasive particle and the workpiece surface is considered in 
the framework of axisymmetric deformation of an abrasive particle fragment and the workpiece surface. The abrasive 
particle fragment is a truncated cone, the smaller base of which interacts with the workpiece surface (Fig. 4). 
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Fig. 4. Particle and workpiece model: | is abrasive particle; 2 is workpiece 


Soloviey A. N., et al. Finite element modeling method of centrifugal rotary processing 


Conoebee A. H. u 0p. Memoo koneunoix a1emenmoe 6 MOOenlUpoGanuu UeHmpobescHo-pomauuoHHou odbpabomKu 





According to the model, an abrasive particle (corundum) is a linearly elastic body, whose Young's modulus is 
much larger than that of the processed material. The processed material (steel) is modeled as an elastically plastic bilin- 
ear body. The Mises yield criterion [10] is applied. 


The abrasive particle and the workpiece are in contact without friction. Contact surfaces are the upper plane of 
the workpiece, the smaller base and the side surface of the cone. The lower plane and the side surface of the workpiece 
are fixed normal. On the larger base of the truncated cone, boundary conditions are specified: power (uniformly distrib- 
uted pressure) or kinematic (vertical displacement). The indentation of a particle into a workpiece is considered, the 
zone of plastic deformations and their maximum values are investigated. 


Solution method. To solve the described boundary-value problems, the finite element method implemented in 
the ANSYS CAE package is used. Fig. 5 shows the finite element mesh of the first problem. 
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Fig. 5. Finite-element segmentation in the contact problem: | is abrasive particle; 2 is workpiece 


In the contact area and possible plastic deformation, the grid is condensed. The end elements PLANE183 (ma- 
terial 1), PLANE182 (material 2) and TARGE169, CONTA172 are used for the contact surfaces. The abrasive particle 
and the workpiece are symmetrical; therefore, half the axial section is considered (see Fig. 5 

Results of numerical experiments. In the numerical calculations, the following data were used in the prob- 
lem: the radii of a truncated cone were 0.5 mm and 1 mm; cone height was | mm; part radius was 5 mm; thickness was 


3 mm. Young's modulus of the material 1 was equal to 2 x10° GPa; Poisson's ratio was 0.3. Young's modulus of materi- 


al 2 was equal to 2x10° GPa; Poisson's ratio was 0.28. The yield stress was 0.22 GPa. Fig. 6 shows the distribution of 
equivalent plastic deformations at a cone penetration depth of 0.01 mm (Fig. 6, a) and 0.05 mm (Fig. 6, b). 
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Fig. 6. Distribution of equivalent plastic deformations at cone penetration depth of 
0.01 mm (a); 0.05 mm (5) 


Fig. 7 shows the dependences of the maximum value of equivalent plastic deformation on the depth penetration 
(DP). 
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Fig. 7. Peak plastic deformations depending on the depth of penetration 
In modeling experiments, the authors have found that equivalent plastic deformation is proportional to the pen- 
etration depth. Equivalent plastic deformation reaches a minimum value of 0.158 at a GV = 0.01 mm, a maximum of 
0.825 at DP = 0.05 mm. The dependences of the sizes of the plastic deformation region on the penetration depth were 
determined for the cases when plastic deformation exceeded 1% (Fig. 8—10). Areas of plastic strain greater than 1% are 

selected using ANSYS software. In this case, the depth (H) and radius (L) of the deformation zone are determined. 


* Fie Cc Unpici 


-009531 


BV092713 


~O3312/ -O/70255 ; -140509% 
-O17564 052691 .O8 7818 -1225946 -1Las8073 





Fig. 8. Sizes of the plastic deformation region 
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Fig. 9. Dependence of radius of plastic deformation region on penetration depth 
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Fig. 10. Dependence of depth of plastic deformation region on penetration depth 


The dependence of the cone penetration depth on the uniform pressure acting on its larger base is determined. 
This dependence is presented in Table 1. 
Table 1 


Dependence of cone depth penetration on pressure 


Voltage (N/mm) 100 200 250 300 





Displacement (mm) —0.059 —0.119 —0.237 —0.354 —0.530 


The results of numerical experiments make it possible to determine the regions of plastic deformations and 
their magnitude depending on the penetration depth. The data in Table 1 relate them to the force that should be applied 
to the abrasive particle. This effort can be determined through the parameters of the process. 

Discussion and Conclusions. In this work, we have performed: 

- finite element modeling of the interaction of an abrasive particle and the workpiece surface; 

- analysis of the stress-strain state of the surface. 

The dependence of the peak plastic deformation on the cone penetration depth (0.01 mm - 0.05 mm) is deter- 
mined. It is found that this value varies from 0.158 to 0.825. 

The dependences of the sizes of the plastic deformation region on the penetration depth are determined for the 
cases when the plastic deformation exceeds 1%. At maximum penetration (0.05 mm), the deformation radius is 1 mm 
and the depth is 0.8 mm. 

Based on these data, the process parameters (rotation speed, abrasive surface size, mass of abrasive particles) 
that affect the interaction between the workpiece and the abrasive particle can be selected. The rational choice of these 
parameters will improve the processing efficiency. 
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